This work deals with the comparison of dye-sensitized solar cell (DSSC) performance utilizing Degussa P25 and anatase TiO2 films as photoanode of the device. The effect of N719 dye concentration on the device performance has been investigated. The concentration has been varied from 0.1 mM to 0.6 mM at 0.1 mM interval. It is found that the DSSC utilizing Degussa P25 demonstrated higher performance than that of the device with anatase TiO2. The device utilizing Degussa P25 TiO2 performs the highest η of 1.28% at the optimum concentration of N719 dye that is 0.4 mM. This because this device possesses the highest absorption in the visible region and lowest leak current. The device utilizing anatase TiO2 performs the highest η of 0.447% at the optimum concentration of N719 dye that is 0.5 mM. This is due to the device has the highest absorption in the visible region, the smallest bulk and charge transfer resistance at the interface of Pt/electrolyte.
INTRODUCTION
Dye-sensitized solar cell (DSSC) is a third generation of solar cell that possesses unique characteristic feature that is much lower fabrication cost than that of conventional silicon solar cell. Nevertheless, the power conversion efficiency of the DSSC is lower than that of this first generation of solar cell due to its optical absorption in visible region is lower than that of silicon solar cell. DSSC has three important components, namely, photoanode, electrolyte and cathode. The role of photoanode in dye-sensitized solar cell (DSSC) is crucial since it accepts electrons donated by the excited dye molecules resulted from photovoltaic effect. Photoanode should possesses good electrical property such as high electronic conductivity to accept electrons from lowest unoccupied molecular orbitals (LUMO) of dye molecules. The most common material for photoanode of DSSC is TiO2 since this material is cheap, non-toxic, has good electrical property and high stability due to wide bad gap that is 3.2 eV at room temperature [1] . TiO2 can be prepared in film form on conducting substrates such as indium tin oxdie (ITO) and fluorine tin oxide (FTO) via various techniques such as screen printing [2] , spray pyrolysis [3] , liquid phase deposition [4] , electrophoretic deposition [5] , microwave [hydrothermal [6] , electrochemical anodization [7] and doctor blade [8] . However, the preparation of TiO2 films via screen printing and doctor blade technique require TiO2 in paste form. The paste can be prepared by grinding various types of TiO2 powder such as P90, P25 and anatase with some organic binder such as poly(ethylene glycol) (PEG) in organic solvent such as ethanol and nitric acid such (HNO3).
This work is concerned with the comparative study of the performance of DSSC utilizing Degussa P25 and anatase TiO2 films. The influence of the N719 dye concentration on the performance of the device employing Degussa P25 and anatase TiO2 coated N719 dye as photoanode has been investigated. The optical absorption of Degussa P25 and anatase TiO2 films have been compared. The charge transfer resistance and carrier lifetime of the device employing both types of photoanode have also been compared to support the main photovoltaic parameter that is power conversion efficiency.
METHODOLOGY
For preparation of Degussa P25 paste, 1 ml of ethanol, 2 ml of triton-x and 0.2 ml of poly(ethylene glycol) were poured in a bottle that contain 1 g of titanium (IV) oxide. The solution was put on a hot plate and stirred using magnetic stirrer for 1 hour at room temperature at 1200 rpm. For preparation of anatase paste, 1 ml of ethanol, 2 ml of triton-x and 0.2 ml of poly(ethylene glycol) (PEG) were poured in a bottle that contain 3 g of anatase powder. Magnetic stirer was the put inside the bottle placed on a hot plate, then stirred for 1 hour at room temperature at 1200 rpm.
For preparation of TiO2 films, ITO substrates were firstly cleaned using acetone and ethanol in the right sequence in an ultrasonic bath. The TiO2 layer was deposited on ITO substrates using a doctor blade technique. Degussa P25 paste was equally spread on the surface of conductive side ITO. After that, the petri dish containing the paste coated on ITOs was put on the hot plate for pre-heating process for 15 minutes at 100 o C. Next, it underwent annealing process at 400 o C for 1 hour in order to make sure the paste is strongly attached to ITO substrates. Finally, the TiO2 films were formed. The above procedures were repeated for preparing anatase TiO2 films. 0.1 mM of N719 dye (IUPAC name: Ditetrabutylammonium cis-bis(isothiocyanato)bis(2,2′-bipyridyl-4,4′-dicarboxylato)ruthenium(II)) purchased from Sigma Aldrich was dissolved in ethanol as a sensitizer of TiO2 films. The films were immersed in the dye solution for 24 hours at room temperature to ensure sufficient amount of dye molecules were adsorbed on the surface of the samples. The prepared samples were employed as the photoanode for DSSC. This procedure was then repeated for preparing 0.2, 0.3, 0.4, 0.5 and 0.6 mM N719 dye solution. Both types of TiO2 coated N719 dye samples underwent optical absorption characterization by UV-Vis spectrometer.
The counter electrode of the device was platinum film grown on FTO substrates via sputtering technique. Redox electrolyte containing iodide/triiodide was injected into the space between TiO2 coated N719 and platinum counter electrode. The devices with an active area of 0.23 cm 2 were tested in dark and under illumination of 100 mW cm -2 light. The light source used was tungsten halogen lamp. The electrochemical impedance spectroscopy (EIS) under illumination of 100 mW cm -2 light was performed on the devices to determine the charge transport properties and carrier transport time. Fig. 1 shows the UV-Vis spectra of Degussa P25 TiO2 samples coated with N719 dyes with various N719 concentrations. According to the figure, the 0.1, 0.3, 0.4 and 0.5 mM samples possess higher optical absorption in UV region (300-400 nm) than in visible region. However, the 0.2 and 0.6 mM samples display smaller absorption in UV region than in visible region. It is also noticed that all samples possess the lowest absorption in the region near infrared region (700-800 nm). Also, according to the spectra, the 0.4 mM sample has the highest absorption in the visible region, followed by 0.3, 0.5, 0.2, 0.6 and 0.1 mM, samples in the descending order. absorption in UV region than in visible region. However, the 0.6 mM samples display smaller absorption in UV region than in visible region. The 0.5 mM sample slightly displays higher absorption in UV than in visible region. However, the absorption of the 0.4, 0.3 and 0.2 mM samples are almost similar. It is also noticed that 0.5 and 0.6 mM samples possess the lowest absorption in the region near infrared region. Also, the 0.5 mM sample owns the highest absorption in the visible region, followed by 0.6, 0.1, and the other three samples in the descending order. dyes with various N719 concentrations as its photoanode. According to the curves, the leak current which is also the current in reverse bias is higher than the forward current for all devices. The device utilizing the 0.2 mM sample has the highest forward current, followed by 0.3, 0.4, 0.5 and 0.6 mM samples. It is concluded that the forward current decreases with the concentration of N719 dye. While, the device utilizing the 0.5 mM sample possesses the lowest leak current, followed by 0.4, 0.6, 0.3 and 0.2 mM samples. It is observed that there is no increasing nor decreasing trend of the leak current with the concentration of N719 dye. Fig. 4 shows the J-V curves under illumination of the DSSC utilizing Degussa P25 TiO2 coated with N719 dyes with various N719 concentrations. According to the figure, the shape of the curve for the device utilizing the 0.3, 0.4 and 0.5 mM samples are almost straight line. However, the shape of the curve for the device employing the 0.1, 0.2 and 0.6 mM sample is straight line [9] . This indicates that the internal resistance in the devices is high, lowering the photocurrent in the devices. It is found that the device with the 0.4 mM sample generates the highest output power, followed by the devices with the 0.5, 0.3, 0.2.and 0.1 mM in descending order. All photovoltaics parameters are analysed from Fig. 4 and listed in Table 1 . According to the curves, the leak current is higher than the forward current for all devices, similar to that of the devices using Degussa P25 TiO2. The device utilizing the 0.6 mM sample has the highest forward current, followed by 0.3, 0.5, 0.1, 0.2 and 0.4 mM samples. It is seen that there is no increasing nor decreasing trend of the forward current with the concentration of N719 dye. On the other hand, the device utilizing the 0.4 mM sample possesses the lowest leak current, followed by 0.2, 0.1, 0.3, 0.5 and 0.6 mM samples. It is observed that there is no increasing nor decreasing trend of the leak current with the concentration of N719 dye. According to the figure, the shape of the curve for all devices are not straight line, differ from that of the devices utilizing Degussa P25 TiO2. The shape is curve lines with high slope for which the current decreases quite fastly with the voltage as shown in Fig. 6 [10,11 ]. The internal resistance in these devices is also high, reducing the photocurrent in the devices. It is observed that the device with the 0.5 mM sample generates the highest output power, followed by the devices with the 0.6, 0.1, 0.4, 0.3.and 0.2 mM in descending order. The photovoltaics parameters are extracted from Fig. 6 and listed in Table 2 . According to the plots, there is only semicircle representing the charge transfer resistance at the interface of Pt/electrolyte (Rct). While, a straight line originating from origin to starting point of the semicircle represents the bulk resistance of the device ((Rb). The frequency covering the semicircle region is higher than that of straight line region. These two resistances are summarized in Table 1 . It is noticeable that the RCT is higher than Rb, indicating that the charge carriers moves slower at the interface of Pt/electrolyte than within the device. According to the table, it is found that the Rb and Rct are high, which lowers down the Jsc and η which are also illustrated in Table 1 . Fig. 8 displays the Bode plots under illumination of the device using P25 TiO2 with various N719 concentrations. The plots show two peaks, however, the maximum or resonant frequency denoted by the highest peak is only used the compute the carrier lifetime (τ) and presented in Table 1 . Also, according to the table, the device with 0.3 mM sample owns the lowest Rb, followed by the device with 0.1, 0.4, 0.5, 0.6 and 0.2 mM samples. The device using 0.3 mM also has the lowest RCT, followed by the device using 0.2, 0.6, 0.5, 0.1 and 0.4 mM samples. Nevertheless, the value of RCT for all devices is so high, affecting the photovoltaic performance of the device. For carrier lifetime, the device with 0.1 and 0.5 mM share the shortest τ followed by the 0.3, 0.4 and 0.6 mM samples which share the second shortest τ and followed by the device with 0.2 mM sample which has the longest τ.
RESULTS AND DISCUSSION
Also, according to Table 1 , the device employing the 0.04 mM sample demonstrates the highest η. However, this device does not own the smallest Rb and Rct as well as the longest τ. The device with the smallest Rb, Rct and the longest τ should performs the highest η. This is due to with the smaller Rct, the faster reduction process taking place at the interface of Pt/electrolyte. This means the faster triiodide is reduced to iodide. This also means the faster the oxidized dye molecules to accept electrons from iodide to be regenerated to the dye molecules at ground state. The longer the carrier lifetime tells us that the slower the electrons recombine with the holes at the interface of electrolyte/TiO2/N719 dye photoanode. The highest η owned by the device with the 0.4 mM sample can be caused by another factor such as by the highest optical absorption in the visible region as shown in Fig. 1 . This is also due to the lowest leak current that this device possesses as depicted in Fig. 3 . The TiO2 coated N719 dye samples with the highest light absorption in the visible region generates the largest number of electrons from highest occupied molecular orbitals (HOMO) level to the lowest unoccupied molecular orbitals (LUMO) level. Thus, the highest number of electrons are then donated to the conduction band of TiO2 which serves as electron acceptor. The device with the lowest leak current experiences the lowest loss of output power generated in the device. These two factors enhance the photocurrent and consequently the power conversion efficiency of the device. On the other hand, the device with 0.1 mM sample demonstrates the lowest η due to the lowest absorption in visible region. Fig. 9 and 10 illustrate the Nyquist and Bode plots of the device utilizing anatase TiO2 with various N719 concentrations, respectively. The Nyquist plot shows one semicircle and a straight line, similar to that of the Nyquist plot of the device utilizing Degussa P25. However, the Bode plots display only one peak that was then used to compute the carrier lifetime. The EIS data such as Rb, RCT and τ are then summarized in Table 2 . According to the table, the device with 0.5 and 0.6 mM sample own the lowest Rb, followed by the device with 0.1, 0.3, 0.2 and 0.4 mM samples. While, the device with 0.5 mM sample possesses the lowest RCT, followed by 0.2, 0.6, 0.4, 0.3 and 0.1 mM samples. Also, the device using 0.5 mM sample has the shortest τ, followed by the device with 0.6, 0.2, 0.1, 0.3 and 0.4 mM samples. It is noticed that from Table 2 , the device utilizing 0.5 mM sample demonstrates the highest η. This is due to this device has the lowest Rb and RCT as shown in Table 2 . Also, this is due to the device possesses the highest optical absorption in as shown in Fig. 2 . The device with 0.2 mM sample performs the lowest η due to the lowest absorption in visible region.
The highest η of the DSSC employing Degussa P25 TiO2 from this work is 1.28%. It is slightly lower than that reported in [12] [13] [14] that were 5.66, 10.1 and 4.5%, respectively. This is because the Rb and RCT of the device in this work is higher than those reported in [12, 13, 14] . However, it is comparable with that reported in our previous work that was 1.36% [11] . While, the highest η of the DSSC employing anatase TiO2 from this work is only 0.447%. It is much smaller than that reported in [15, 16, 17 ] that were 7.47, 7.54 and 3.0%, respectively. This is due to the Rb and RCT of the device fabricated in this work are much higher than those fabricated in [15] [16] [17] .
CONCLUSIONS
The effect of N719 dye concentration on the DSSC performance employing Degussa P25 and anatase TiO2, respectively has been compared. It is found that the DSSC utilizing Degussa P25 demonstrated higher efficiency than that of the device with anatase TiO2. The device utilizing Degussa P25 TiO2 performs the highest η of 1.28% at the 0.4 mM N719 dye due to it possesses the highest absorption in the visible region and lowest leak current. The device using anatase TiO2 performs the highest η of 0.447% at the 0.5 mM N719 dye due to the device owns the highest absorption in the visible region, the smallest bulk and charge transfer resistance at the interface of Pt/electrolyte.
